Abstract. Approximately 1-5% of patients with cerebral metastasis and ~40% of patients with primary brain tumors suffer from hydrocephalus. These patients often exhibit a poor prognosis. The aim of the present study was to reassess the validity of ventriculoperitoneal shunting (VPS) with the assistance of the general surgeon in oncological patients. A total of 59 patients underwent first-time VPS at the Beth Israel Deaconess Medical Center (Boston, USA) between 2004 and 2012; 40 patients had hydrocephalus from brain metastasis and 19 from primary tumors. The analyzed independent variables included demographics, body mass index, past medical history, clinical presentation, indication for surgery, Karnofsky performance status (KPS) score and surgical technique; the dependent variables were postoperative symptoms and occurrence, cause and time of shunt failure. The outcomes were analyzed with the t-test and Kaplan-Meier estimates for shunt survival. The mean age of the patients was 57.2 years and the mean operative time was 50.4 min. Symptomatic palliation was achieved in 93% of the cases; patients with severe symptoms, such as debilitating headaches, nausea and vomiting, benefited significantly from VPS. The mean follow-up time was 6.3 months; complications occurred in only 7 patients (11.8%) during follow-up: 2 in the proximal shunt (1 infection and 1 obstruction), both requiring revision, 1 infection in the distal catheter requiring shunt removal, 2 cases of intracerebral bleeding that were monitored with computed tomography scans, 1 wound infection treated with antibiotics and 1 valve complication that required temporary revision. The initial and 3-month KPS scores were 65±16.4 and 75±16.0, respectively. The mean overall shunt survival was 6.4 months (range, 1.0 day-76.0 months) from the placement of the VP shunt. At 3 months after VPS, 93.5% of the patients remained alive with functioning shunts and at 1 year 87% of the shunts were still functioning. In conclusion, VPS remains a valid option for cancer patients with low KPS, as it improves the quality of life in such patients, even in the setting of previous infection, hemorrhage, or leptomeningeal disease, since shunt patency outlasts the overall survival of nearly all patients.
Introduction
The incidence of brain metastasis strongly depends on the primary tumor and, in certain types of cancer, also on the molecular subtype. Approximately 25-30% of all cancer patients will develop brain metastasis during their life span (1) . The incidence of brain metastasis per cancer type in adult patients has been reported to be as high as 45% (range, 40-50%) for patients with lung cancer, 20% (range, 15-25%) for breast cancer, 15% (range, 5-20%) for malignant melanoma and 5% (range, 4-6%) for patients with renal cell cancer; however, it is relatively rare in cancers of the gastrointestinal tract (2) . The incidence of brain metastasis diagnosed intra vitam is increasing and the reasons for this are multifactorial: They include a factual increase in the incidence of cancers associated with tobacco use, such as lung cancer, but this incidence also increases secondarily to the prolonged survival of cancer patients with improving adjuvant therapy techniques. Finally, there is an increase in the detection rate due to the wider availability and more systematic utilization of magnetic resonance imaging (MRI) in upfront staging and during follow-up.
Irrespective of the existence of brain parenchymal metastasis, leptomeningeal seeding is considered to be a devastating complication of cancer and conveys a poor prognosis (3) (4) (5) (6) (7) . The incidence of leptomeningeal metastases in patients with extracranial tumors is strictly correlated with the primary cancer type and is reportedly ~30% (range, 22-64%) in breast cancer, 16% (range, 10-26%) in lung cancer, 11% (range, 7-15%) in malignant melanoma, 6% (range, 4-14%) in gastrointestinal tract cancer and 1-7% in carcinomas of unknown primary origin (8) (9) (10) (11) . In addition to metastatic tumors, certain primary brain tumors may also be associated with leptomeningeal spread, with an incidence that varies widely from 10 to 32%, and largely depends on tumor histology and patient age, but also varies with the respective referral pattern (8) (9) (10) (11) . Malignant leptomenigeal disease poses a unique challenge to the health care providers.
Approximately 1-5% of patients with solid brain tumors or leptomeningeal metastasis suffer from intracranial hypertension and/or hydrocephalus, with the incidence being even higher among patients with primary brain tumors (6, 12) . Hydrocephalus may result from the obstruction of cerebrospinal fluid (CSF) pathways by any mass or dissemination of metastatic cells in the subarachnoid Virchow-Robin space, resulting in CSF malabsorption. The symptoms of hydrocephalus, such as headache, nausea, vomiting, gait disturbance, urinary incontinence, visual decline, cranial nerve palsy and even mental status changes, may be so disabling as to prevent systemic cancer treatment (6) . These symptoms often do not respond well to conservative medical treatment with corticosteroids and analgesics or radiation. In fact, the majority of these patients reportedly present with comparably poor performance status and their condition in late-stage disease carries a very poor prognosis, with an overall survival (OS) (with treatment) of only 2-3 months in ~50% of the patients, with only 10% surviving for 1 year (3, 13) .
Ventriculoperitoneal shunting (VPS) may rapidly normalize intracranial pressure (ICP) in the setting of hydrocephalus (6, (14) (15) (16) (17) (18) . However, despite the fact that it is considered a minor invasive procedure, it does involve certain risks, such as hemorrhage, shunt malfunction, or infection (19) (20) (21) ; in addition, it may rarely result in peritoneal carcinomatosis due to seeding from the central nervous system (CNS) tumors (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) . Nevertheless, not all studies have encountered peritoneal seeding via VPS (16, 30, 40) .
There are several studies in the literature that have addressed radiation therapy, systemic chemotherapy and intrathecal chemotherapy specifically for the treatment for brain metastasis with/without leptomeningeal seeding (3, (41) (42) (43) . However, the number of published reports on the palliative surgical management of hydrocephalus secondary to brain metastasis and/or leptomeningeal seeding from malignant tumors is currently limited (6, 12, 17, 18) .
The aim of this study was to reassess the validity, safety, and benefits of VPS as symptom-oriented palliative therapy for oncological patients with advanced-stage cancer. We also aimed to determine the risk/benefit ratio and investigate the outcomes of patients in whom previous medical management for hydrocephalic symptoms had failed and who were then selected for VPS. This retrospective cohort analysis was approved by our Institutional Review Board (no. 2011P-000101/4).
Patients and methods

Patients
Medical record review. All pertinent medical records and related imaging studies were reviewed, including initial clinical and neurological presentation, primary tumor histology, Karnofsky performance status (KPS), recursive partitioning analysis (RPA) class status and radiographic imaging studies, such as pre-and postoperative computed tomography (CT)/MRI. Clinical symptom severity was assessed prior to and following VP placement. The durability (longevity) of the implanted VPS system was also examined via longitudinal follow-up appointments with clinical and imaging examinations, in order to detect possible occurrence, time and cause of shunt failure.
CNS metastasis and hydrocephalus. CNS metastasis was diagnosed based on available histopathology from systemic disease status and evaluation of cranial MRI findings. The presence of leptomenigeal metastasis at the time of VPS was diagnosed by the clinical status of the patient and the presence of characteristic leptomenigeal enhancing lesions on MRI, or by the presence of malignant cells found in a spinal tap sample of CSF. Hydrocephalus was classified as communicating hydrocephalus with leptomeningeal enhancement by MRI and high CSF protein content or positive CSF cytology, or as obstructive hydrocephalus due to a parenchymal or intraventricular mass.
Indications for VPS and procedure. The indications for placement of a VP shunt were: i) Clinical deterioration due to an increase in ICP despite aggressive medical ICP management, or ii) progressive ventriculomegaly in the setting of progressively developing neurological deficits.
All VP placements were performed under general anesthesia with endotracheal intubation. Preoperative MRI or CT imaging of the head was used for surgical planning. The proximal shunt catheter was passed into the lateral ventricle using a Ghajar guide or by the free-hand technique, depending on the surgeon's preference. Preset Medtronic Delta ® valves (Medtronic, Dublin, Republic of Ireland), performance level 1.5, were used in all cases. The distal catheter was tunneled subcutaneously and its end was placed into the peritoneal cavity under direct visualization, either through a mini-laparotomy or via laparoscopic assistance. For intrathecal drug delivery and to provide access for CSF sampling, certain patients with suitable leptomeningeal disease (e.g., breast cancer) also had an Ommaya reservoir placed during the same operation via a separate incision. Postoperative CT scans of the head were performed on all patients to confirm the appropriate positioning of the proximal catheter and to rule out any procedural complications.
Follow-up.
The most recent patient radiographic assessment (clinical visit or hospital discharge) was defined as the end-point of the follow-up period. For the purpose of this study and based on local referral patterns in our commonwealth, we hypothesized that patients who were not referred back to our hospital or office for any shunt-related problems, retained a functioning shunt for the entire study period. The end-points of the study were any occurrence of shunt revision, timing of shunt revision or shunt removal, and patient death. A Kaplan-Meier analysis was performed to evaluate the rate of shunt survival at 3 months and 1 year.
Results
Patient characteristics. A total of 59 adult patients with hydrocephalus from CNS tumors or cranial metastasis underwent VPS at the BIDMC between 2005 and 2012. The mean age of the patients was 57.2 years (range, 22.0-81.6) years; our cohort included 23 (39%) men and 36 (61%) women. A total of 40 patients (68%) had CNS metastasis from extracranial tumors, among those 13/59 (22%) from lung cancer, 11/59 (18%) from breast cancer, 6/59 (10%) from melanoma, 3/59 (5%) from renal cell cancer, 3/59 (5%) from colorectal cancer, 2/59 (4%) from ovarian cancer and 2/59 (4%) from lymphoma; of the entire cohort of 59 patients, 19 (32%) patients had a primary CNS tumor.
A total of 19 (32.2%) patients in this study group had obstructive hydrocephalus, whereas 40 (67.8%) patients had communicating hydrocephalus; significant intracranial hypertension (ICP>20) was documented in 12/59 patients (20.3%) at the time of VPS. At the time of palliative VP shunt placement, 20/59 (33.8%) of this patient cohort had leptomeningeal metastasis, whereas the remaining 39 (66%) had parenchymal metastasis (Table I) .
Symptoms. The majority of the patients presented with a variety of neurological symptoms, the most common being headache, nausea and vomiting (60%), followed by gait disturbances (40%), cognitive dysfunction such as memory impairment (30%), seizures (3%) and urinary incontinence (2%) ( Table II) .
Preoperative assessment. The preoperative mean KPS score was found to be 65 (range, 30-100). The patients were also categorized according to the RPA class and the results revealed class I status in 10 (17%), II in 16 (27%), and III in 33 (56%) patients. At the time of VP placement, there was documented progression of systemic disease in 49 (83%) patients (Table I) .
Outcome and complications. The vast majority of the patients (55/59; 93.2%) from our cohort experienced an overall improvement in the neurological symptoms after surgery, but 4 (6.8%) patients did not demonstrate a clear benefit from the procedure. The majority of the patients exhibited a significant clinical improvement within the first 3 or 4 days after surgery. (Table II) . A total of 7 (11.8%) postoperative complications were encountered (Table III) . One patient developed proximal catheter obstruction and presented with changes in mental status requiring catheter replacement. Two patients suffered small intracranial hemorrhage from catheter placement, but were monitored by a series of CT scans and neither required shunt revision. One patient, who developed peritonitis from methicillin-resistant Staphylococcus aureus, was initially treated with antibiotics (vancomycin), but later underwent shunt removal. Another patient developed a proximal shunt infection (Staphylococcus aureus); this shunt was temporarily changed to an external ventricular drainage (EVD) prior to successful reinsertion, without any complications. Finally, 1 patient developed cellulitis at the abdominal incision, which was successfully treated with antibiotics alone, and 1 patient had a valve dysfunction that required revision. No further complications were encountered during the observation period (Table III) .
Of note, there were no cases of clinically relevant intraperitoneal tumor dissemination via the inserted VP shunt, although the possibility of clinically silent intraperitoneal seeding cannot be excluded, as routine abdominal reimaging was not performed in all cases.
The mean overall shunt survival was 6.4 months (range, 1.0 day-76.0 months) from the placement of the VP shunt. At 3 months after VPS, 93.5% of patient were alive with functioning shunts and at 1 year 87% of the shunts remained functional (Fig. 1) . We hypothesized that the shunts remained functional as long as the patients survived, and no deaths were recorded as a direct cosequence of early procedural or delayed shunt complications.
Discussion
Hydrocephalus in patients with cerebral metastases or primary brain tumors may severely compromise the patient's quality of life and poses a considerable challenge to the health care providers, since hydrocephalic CNS symptoms in terminally ill cancer patients are often medically uncontrollable. This leads to the difficult choice of either offering further surgical treatment, or transitioning the patient to pre-final hospice care. The available literature on this aspect of late-stage cancer patient care remains scarce. This issue is further complicated by the fact that a number of late-and end-stage brain cancer patients are in an immunocompromised state, due to leukopenia from myelosuppression following prior chemotherapy, or secondary to steroid treatment for edema control, which may lead to additional complications. Such frail patients are also at increased risk from anesthesia and may be at an increased risk of surgery-or shunt-related complications (18, 40, 44, 45) .
The intracranial tumor burden in this setting may cause obstructive or malresorptive hydrocephalus, or lead to intracranial hypertension with altered CSF flow. Beyond general clinical symptoms that are amenable to medical treatment in this setting, intrathecal chemotherapy is not generally considered to be a suitable treatment option, since CSF compartmentalization prohibits effective drug delivery and tissue penetration and also increases the risk of neurotoxicity (3, 25, 46, 47) . The experience with major surgical intervention in terms of any substantial benefit is limited in this setting, and quality of life for the remaining lifespan of such patients should be one of the goals of any health care provider.
In this study, we assessed a symptom-oriented approach and reported on the outcomes of 59 patients with primary extracranial or primary brain tumors who experienced clinical symptoms from their intracranial tumor burden causing hydrocephalus and/or intracranial hypertension. The patients analyzed in this cohort had been refractory to medical treatment of their symptoms despite aggressive management, and were therefore selected to undergo palliative VPS to restore CSF flow and treat intracranial hypertension.
In our cohort, the vast majority of the patients (55/59; 93.2%) experienced immediate postoperative symptom relief. Global symptoms, such as headache, nausea and vomiting exhibited the most significant improvement following VPS, which compares favorably with the results from other studies on postoperative symptom relief in adult patients with metastatic CNS disease, which reportedly ranges between 70 and 80% (12, 48, 49) .
Lee et al (18) reported their findings from a cohort of 50 patients with hydrocephalus from cerebral metastasis; in their experience, 80% of the patients improved after surgery, particularly with respect to preoperative headaches. Another study by Omuro et al (6) from the Memorial Sloan Kettering Cancer Center reported the outcome of 37 patients with leptomeningeal metastasis requiring VPS; in that particular cohort, 27/37 (77%) patients exhibited some overall improvement following surgery, which translated into a substantial improvement in the quality of life of terminally ill patients. Several other studies and case reports in the literature have confirmed the efficacy of VPS as palliative therapy in patients with CNS metastasis or primary brain tumors (14) (15) (16) (17) .
In our cohort, the vast majority of the patients reported that headache, nausea and vomiting were the symptoms that improved the most following VPS, resolving in 89% of the cases; however, gait disturbances and cognitive dysfunction only improved in 50 and 40% of the patients, respectively, which may best be explained by the more local effects of the underlying disease. Of the 59 patients in our cohort, 2 presented with delayed new-onset seizures, which may not be associated with the VPS procedure per se (since seizures are a well-known occurrence in patients with CNS tumors), whereas 1 patient presented with new-onset urinary incontinence 3 months after VPS, which may be explained as secondary to systemic disease progression, since his other preceding CNS symptoms improved following VP shunt placement. All these patients experienced improvement following surgery, without any recurrent CNS symptoms.
Of our 59 patients, 7 (11.8%) experienced some form of postoperative complications, 4 of whom required shunt replacement with EVD prior to definitive care via shunt reinsertion; the remaining 3 cases were monitored only and did not require shunt revision or removal. The literature reports a rate of postoperative complications between 8 and 30% (6, 12, (48) (49) (50) in an unselected collective of VPS patients; therefore, our cohort is favorably at the lower end of that spectrum.
The mean OS of the patients in our cohort was 6.4 months, which is not necessarily a meaningful number, given the mixed underlying primary pathologies included in this study cohort; however, this number is in line with other studies (3,5,7,12,17,1 8,43,47,51) and corroborates the observation that VPS in such patients is a durable form of therapy for symptom relief, particularly when high shunt patency rates are ensured. We did not observe any significant differences in post-VPS survival time according to primary malignancy type, which is in accordance with the existing literature (12, 18) . This observation may be further explained by the fact that metastatic and, particularly, leptomeningeal CNS disease, is encountered at the very late stages of cancer, when the life expectancy of the patient is not associated with the therapy form assessed here, and remains very short. At 3 months after VPS placement, 93.5% of the shunts in our study group were found to be functioning, and at 1 year 87% of the shunts remained functional (Fig. 1) .
Our results demonstrated that VPS in symptomatic metastatic patients frequently leads to marked improvement in hydrocephalic symptoms, even in the setting of leptomeningeal tumor spread. Based on our results and following a comprehensive review of the literature, we confirm the important role of VPS as palliation in end-stage patients suffering from either metastatic disease or primary brain tumors, with a poor prognosis. Based on our observations, these shunts show excellent durability that often exceeds the expected survival time and significantly improves the quality of the remaining lifetime, even when the overall prognosis is very poor.
In our cohort, we did not observe any clinical cases of peritoneal carcinomatosis secondary to seeding through the peritoneal catheter, although routine abdominal imaging was not performed. Another explanation may be that the patients had asymptomatic tumor deposits that remained clinically silent during the short OS period following VP shunt placement. Only an autopsy study may address this question in a definite way.
Further research should be focused on improving the diagnostic and therapeutic tools for patients with late-stage CNS malignancies, in order to identify patients who may benefit from this therapy earlier. More sensitive diagnostic tools are required to overcome the high false-negative rates of the currently available imaging modalities, which often fail to demonstrate leptomenigeal seeding (39) , and the problem of negative cytology findings from CSF samples in this patient population. Beyond this, novel therapeutic modalities for targeted leptomenigeal disease are required, employing high-affinity agents that may be effectively applied despite CSF flow stagnation. Another useful tool would be to develop reliable, non-static, but rather dynamic VPS valve systems. The latter may allow for a timed 'switched-off' mode, thus enabling intermittent intrathecal chemotherapy, as well as long-term CSF shunting.
There were several limitations to this study. i) A major limitation lies with the fact that it is a retrospective study with a treatment paradigm that comes from a single institution and, thus, patient selection and their treatment pathways are subject to some selection bias; ii) another limitation of this study is the relatively small sample size; iii) long-term postoperative neurological evaluation was not performed in all patients, once the shunt was functional; and iv) not all patients were restaged to assess their clinical status regarding progression of systemic disease.
A prospective study with a larger sample size and more elaborate neurological scales to evaluate the postoperative condition over time for each patient, with accurate restaging for systemic disease, may add valuable information to this field of research.
In conclusion, although the prognosis of patients with CNS metastasis or malignant primary brain tumors in the clinical setting of hydrocephalus is very poor, VPS offers an effective, safe and valid palliative option for symptom relief and improvement of quality of life, even in patients with very poor overall prognosis. In addition to the improvement in neurological symptoms, VPS also allows for relatively simple and efficient delivery of intrathecal chemotherapy in those patients.
